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STORAGEMEDIUM RECORDED WITH 
PROGRAM FOR MUSICAL PERFORMANCE, 

APPARATUS, SYSTEMAND METHOD 

This application is based upon and claims the benefit of 
priority of the prior Japanese Patent Application No.JP2011 
096551, filed on Apr. 22, 2011, the entire contents of which 
are incorporated herein by reference. 

FIELD 

The present invention relates to a storage medium recorded 
with a program for musical performance that produces sound 
based on movement of a user, a musical performance appa 
ratus, a musical performance system and a musical perfor 
mance method. 

BACKGROUND 

Conventionally, a musical Sound control apparatus for con 
trolling the musical Sound by detecting the operation status of 
a person’s hand, feet or the like has been proposed (refer to 
Japanese Patent Application Laid-open No. S63-191195). 
Japanese Patent Application Laid-open No. S63-191195 
describes that either the pitch or volume can be changed 
according to the strength of the waving of the Stick provided 
to the acceleration sensor; that is, the signal level of the 
acceleration signal that is output from the acceleration sensor. 

Conventionally, there is technology for controlling the pro 
duction of sound based on the acceleration that is detected by 
the acceleration sensor in the simulation of instruments. Nev 
ertheless, for example, with an instrument that produces 
Sound as a result of a sounding body being frictioned 
(stroked), sound is produced even if the movement of fric 
tioning (stroking) the sounding body is a movement in which 
positive acceleration is not detected. Movement in which 
positive acceleration is not detected is, for example, uniform 
motion, retarded motion or the like. 

In other words, with an instrument that produces sound as 
a result of a sounding body being frictioned (stroked), the 
acceleration of motion of frictioning (stroking) the Sounding 
body and the Volume do not necessarily have correspondence. 
Thus, was difficult to perform natural volume control accord 
ing to the user's movement upon simulating an instrument 
that produces sound as a result of a sounding body being 
frictioned (stroked) with the conventional volume control 
based on acceleration. 

In light of the foregoing problems, an object of this inven 
tion is to enable natural Volume control in a storage medium 
recorded with a program for musical performance that pro 
duces sound based on movement of a user, a musical perfor 
mance apparatus, a musical performance system and a musi 
cal performance method. 

SUMMARY 

The present invention adopted the following means to 
resolve the foregoing problems. Specifically, the present 
invention is a storage medium recorded with a program for 
musical performance which causes a computer of a musical 
performance apparatus for outputting sound based on move 
ment of a predetermined target, to function as posture varia 
tion acquisition means for acquiring posture variation of the 
predetermined target in a predetermined interval based on 
measurement information concerning the posture or move 
ment of the predetermined target, Volume parameter setting 
means for setting a Volume parameter for deciding a volume 
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2 
according to the posture variation, and Sound signal output 
means for outputting a sound signal of the Volume according 
to the Volume parameter. 

Note that the present invention can be used for the simula 
tion of a Sounding device that produces Sound as a result of a 
Sounding body being frictioned (stroked). As an example of a 
Sounding device that produces sound as a result of a Sounding 
body being frictioned (stroked), there is a bow-drawn, Sringed 
instrument that produces Sound by frictioning (stroking) 
strings with a bow. In this kind of sounding device, the sound 
ing body vibrates and produces Sound by being frictioned 
(stroked). In the present invention, the predetermined targetin 
which its movement is measured is, for example, a controller 
or a user's hand that is portrayed as a bow of a bow-drawn 
stringed instrument. The present invention acquires the pos 
ture variation of the predetermined target in a predetermined 
interval (for example, unit time) based on measurement infor 
mation concerning the measurement of this kind of predeter 
mined target, and sets the Volume parameter according to the 
posture variation. 

Note that, as the means for obtaining the measurement 
information, for example, a sensor or the like built into the 
controller may be used, but the means for measuring the 
movement of the predetermined target of the present inven 
tion is not limited to a sensor built into the controller. For 
instance, it is also possible to take an image of the user's hand 
movement using a sensor of a camera or the like, and thereby 
obtain the measurement information concerning the user's 
hand movement. 

Moreover, as the posture variation in a predetermined inter 
val, for example, the angular Velocity of the predetermined 
target or a vector showing the component of rotational motion 
of the predetermined target can be used. According to the 
present invention, by setting the Volume parameter based on 
this kind of posture variation, natural Volume control can be 
performed in the simulation of a sounding device that pro 
duces Sound as a result of the Sounding body being frictioned 
(stroked). Note that, when using the angular velocity as the 
posture variation, the angular Velocity obtained as the mea 
Surement information may be used as is. 

Moreover, the posture variation acquisition means may 
acquire the posture variation as a result of the posture varia 
tion of the predetermined target being calculated in a prede 
termined interval relative to a coordinate system defined in a 
real space based on the measurement information. 

For example, the posture variation can be acquired by 
calculating the displacement of at least one of the axes among 
the three axes defining the posture of the predetermined target 
relative to the respective components of the coordinate sys 
tem defined in the real space. 

Moreover, the posture variation acquisition means may 
acquire a plurality of posture variations of the predetermined 
target relative to axes of the coordinate system defined in the 
real space, and the Volume parameter setting means may set 
the Volume parameter based on two or more posture varia 
tions in descending order of value among the plurality of 
posture variations acquired by the posture variation acquisi 
tion means. 
As a result of using two or more higher posture variations 

which more greatly reflect the change of posture of the pre 
determined target, even if the posture of one part becomes 
saturated, the appropriate posture variation for acquiring the 
Volume parameter can be obtained. For example, the posture 
variation acquisition means may acquire four posture varia 
tions of two axes for defining the posture of the predetermined 
target relative to two axes in the coordinate system defined in 
the real space, for each combination of axes, and the Volume 
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parameter setting means may set the Volume parameter based 
on two posture variations in descending order of value among 
the four posture variations acquired by the posture variation 
acquisition means. 

Moreover, the posture variation acquisition means may 
acquire, as the posture variation, an average value of the 
posture variations acquired a plurality of times within a pre 
determined period. 
By acquiring an average value of the posture variations 

acquired a plurality of times within a predetermined period, it 
is possible to obtain the posture variation that is less influ 
enced by the user's unintended movement. 

Moreover, the Volume parameter setting means may set the 
Volume parameter based on information prescribing a corre 
spondence of the posture variation and the Volume parameter, 
and, in the information prescribing the correspondence of the 
posture variation and the Volume parameter, tendency of 
inclination of change of the Volume parameter relative to 
change of the posture variation may differ for each range of 
the posture variation. 
As a result of the above, it is possible to provide a natural 

Volume change according to the Sounding device of the simu 
lation target. 

Moreover, the program for musical performance may 
causes the computer to further function as output Volume 
control means for stopping the output of the Sound signal by 
the Sound signal output means for a predetermined time or 
lowering the output Volume of the Sound signal by the Sound 
signal output means when it is determined, based on the 
measurement information, that the positive and negative of 
angular acceleration in a predetermined direction have 
inverted. 
As a result of the above, it is possible to change the volume 

pursuant to the user's reversion operation or the like and 
enable the user to feel like he/she actually operating the 
Sounding device. 

Moreover, the musical performance apparatus simulates a 
stringed instrument having a plurality of strings stretched in 
Substantially the same direction, and the program may cause 
the computer to further function as string designation infor 
mation retention means for retaining string designation infor 
mation which designates a string that is currently a target to be 
Sounded among the plurality of Strings, and string changing 
means for changing the string designated by the string desig 
nation information when it is determined, based on the mea 
Surement information, that angular acceleration to a circum 
ferential direction centering on a direction in which the 
plurality of strings are stretched has exceeded a predeter 
mined threshold. 
As a result of the above, the user can perform string chang 

ing with an operation that is similar to the movement of actual 
string changing in the stringed instrument of the simulation 
target, and change the pitch of the Sound to be produced. 

Moreover, the predetermined target is a controller with a 
built-in gyro sensor to be operated by a user, and the mea 
Surement information may be angular Velocity or angular 
acceleration measured by the gyro sensor. 

Note that there is no limitation in the mode of operation 
when the controller is to be operated by the user. For example, 
the user can operate the controller by gripping or wearing the 
controller, or in other modes. 
The present invention can also be comprehended as a musi 

cal performance apparatus, a musical performance system 
including Such a musical performance apparatus, or a musical 
performance method that is executed by a computer. More 
over, the present invention may also be a result of recording 
the foregoing program in a recording medium that is readable 
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4 
by a computer or other devices and machines. Here, a record 
ing medium that is readable by a computer and the like refers 
to a recording medium which electrically, magnetically, opti 
cally, mechanically or chemically stores information Such as 
data and programs, and which can be read by a computer and 
the like. 

According to the present invention, natural Volume control 
can be performed in a storage medium recorded with a pro 
gram for musical performance that produces sound based on 
the movement of the user, a musical performance apparatus, 
a musical performance system and a musical performance 
method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an external view of the game system according to 
the embodiments; 

FIG. 2 is a functional block diagram of the game device 
according to the embodiments; 

FIG.3 is a perspective view showing the external configu 
ration of the controller according to the embodiments; 

FIG. 4 is a perspective view showing the external configu 
ration of the controller according to the embodiments; 

FIG. 5 is a perspective view showing the status where the 
upper case of the Sub unit according to the embodiments is 
removed; 

FIG. 6 is a block diagram showing the configuration of the 
input device according to the embodiments; 

FIG. 7 is a diagram schematically explaining the status 
when operating the game using the input device according to 
the embodiments; 

FIG. 8 is a schematic diagram showing the local coordinate 
system that is used upon utilizing the simulation function of 
the violin according to the embodiments and the movement of 
the controller coordinate system in relation thereto; 

FIG. 9 is a diagram showing the functional configuration 
and data configuration of the game device according to the 
embodiments; 

FIG. 10 is a flowchart showing the flow of the simulation 
processing according to the embodiments; 

FIG. 11 is a flowchart showing the flow of the pitch update 
processing according to the embodiments; 

FIG. 12A is a flowchart A showing the flow of the desig 
nated String update processing according to the embodi 
ments; 

FIG. 12B is a flowchart B showing the flow of the desig 
nated String update processing according to the embodi 
ments; 

FIG. 13 is a flowchart showing the flow of the pressed 
string position update processing according to the embodi 
ments; 

FIG. 14A is a flowchart A showing the flow of the bowing 
update processing according to the embodiments; 

FIG. 14B is a flowchart B showing the flow of the bowing 
update processing according to the embodiments; 

FIG. 15 is a flowchart showing the flow of the volume 
update processing according to the embodiments; 

FIG. 16 is a diagram showing a map representing the rela 
tionship of the posture variation and Volume parameter in the 
embodiments; and 

FIG. 17 is a flowchart showing the flow of the sound signal 
output processing according to the embodiments. 

DESCRIPTION OF EMBODIMENTS 

Embodiments in the case of working the present invention 
as a game device which simulates a sounding device are now 
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explained with reference to the drawings. Note that the 
embodiments explained below merely illustrate an example 
in the case of working the present invention, and do not limit 
the present invention to the specific configuration explained 
below. Upon working the present invention, specific configu 
rations may be adopted as needed according to embodiments. 

<Configuration of Systemd 
Overall Configuration of Game System 
A game system 1 including the game device according to 

an embodiment of the present invention is now explained with 
reference to FIG. 1. FIG. 1 is an external view of the game 
system 1. Taking a floor-standing type game device as an 
example, the game device and game program of this embodi 
ment are now explained. In FIG. 1, the game system 1 
includes a television receive (hereinafter simply referred to as 
the “TV) 2, a game device 3, an optical disk 4, an input 
device 7, and marker unit 6. This system is for executing game 
processing with the game device 3 based on game operations 
using the input device 7. 

The optical disk 4, which is an example of an information 
storage medium that is used replaceably in the game device 3. 
is removably inserted into the game device 3. The optical disk 
4 stores a game program to be executed in the game device 3. 
An insertion slot of the optical disk, 4 is provided on the front 
face of the game device 3. The game device 3 executes the 
game processing by reading and executing the game program 
stored in the optical disk 4 inserted into the insertion slot. 
The TV 2 as an example of a display device is connected to 

the game device 3 via a connection cord. The TV 2 displays 
the game image that is obtained as a result of the game 
processing that is executed in the game device 3. Moreover, a 
marker unit 6 is disposed around the screen of the TV 2 (at the 
upper part of the screen in FIG. 1). The marker unit 6 com 
prises two markers 6R and 6L on either end thereof. The 
marker 6R (same applies to the marker 6L) is specifically one 
or more infrared LEDs, and outputs infrared light forward 
from the front of the TV 2. The marker unit 6 is connected to 
the game device 3, and the game device 3 can control the 
lighting of the respective infrared LEDs of the marker unit 6. 
The input device 7 provides, to the game device 3, opera 

tional data showing the contents of the operation that was 
performed to itself. In this embodiment, the input device 7 
includes a controller 5 and a subunit 76. As described in detail 
later, the input device 7 is configured such that the sub unit 76 
is removably connected to the controller 5. The controller 5 
and the game device 3 are connected via wireless communi 
cation. In this embodiment, for example, the Bluetooth (reg 
istered trademark) technology is used for the wireless com 
munication between the controller 5 and the game device 3. 
Note that the controller 5 and the game device 3 may be 
wire-connected in the other embodiments. 

Internal Configuration of Game Device 3 
The internal configuration of the game device 3 is now 

explained with reference to FIG. 2. FIG. 2 is a block diagram 
showing the configuration of the game device 3. The game 
device 3 includes a CPU 10, a system LSI 11, an external main 
memory 12, a ROM/RTC 13, a disk drive 14, an AV-IC. 15, 
and so on. 
The CPU 10 is used for performing the game processing by 

executing the game program stored on the optical disk 4, and 
functions as a game processor. The CPU 10 is connected to 
the system LSI 11. In addition to the CPU 10, connected to the 
system LSI 11 are the external main memory 12, the ROM/ 
RTC 13, the disk drive 14 and the AV-IC 15. The system LSI 
11 performs processing Such as the control of data transfer 
between the respective constituent elements connected 
thereto, generation of image to be displayed, and acquisition 
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6 
of data from the external apparatus. The internal configura 
tion of the system LSI 11 will be described later. The volatile 
external main memory 12 is used for storing programs such as 
the game program read from the optical disk 4 and the game 
program read from the flash memory 17, or storing various 
data, and is also used as the work area or buffer area of the 
CPU 10. The ROM/RTC 13 includes a ROM (so-called boot 
ROM) loaded with a program for booting the game device 3. 
and a clock circuit (RTC: Real Time Clock) for clocking the 
time. The disk drive 14 reads program data, texture data and 
the like from the optical disk 4, and writes the read data into 
the internal main memory 11e described later or the external 
main memory 12. 

Moreover, the system LSI 11 is additionally provided with 
an input/output processor (I/O processor) 11a, a CPU (Graph 
ics Processor Unit) 11b, a DSP (Digital Signal Processor) 
11c, a VRAM 11d, and an internal main memory 11e. 
Although not shown, these constituent elements 11a to 11e 
are mutually connected via an internal bus. 
The GPU 11b forms a part of the drawing means, and 

generates images according to the graphics command (draw 
ing command) from the CPU 10. The VRAM 11d stores data 
(data Such as polygon data and texture data) required for the 
GPU.11b to execute the graphics command. When images are 
generated, the CPU 11b creates image databased on the data 
Stored in the VRAM 11d. 
The DSP 11c functions as an audio processor, and gener 

ates Sound signals by using the Sound data and Sound wave 
form (tone) data stored in the internal main memory 11e and 
the external main memory 12. 
The image data and sound signal generated as described 

above are read by the AV-IC15. The AV-IC 15 outputs the read 
image data to the TV 2 via an AV connector 16, and outputs 
the read sound signal to a speaker 2a built into the TV 2. 
Consequently, images are displayed on the TV 2 and Sound is 
output from the speaker 2a. 
The input/output processor 11a executes the transfer of 

data between the constituent elements connected thereto, and 
executes the download of data from an external apparatus. 
The input/output processor 11a is connected to a flash 
memory 17, a wireless communication module 18, a wireless 
controller module 19, an expansion connector 20, and a 
memory card connector 21. An antenna 22 is connected to the 
wireless communication module 18, and an antenna 23 is 
connected to the wireless controller module 19. 
The input/output processor 11a is connected to a network 

via the wireless communication module 18 and the antenna 
22, and can communication with other game devices and 
various servers that are connected to the network. The input/ 
output processor 11a periodically accesses the flash memory 
17 to detect whether any data needs to be a sent to the network, 
and, if there is such data, sends that to the network via the 
wireless communication module 18 and the antenna 22. 
Moreover, the input/output processor 11a receives the data 
sent from other game devices and the data downloaded from 
a download server via the network, the antenna 22 and the 
wireless communication module 18, and stores the received 
data in the flash memory 17. The CPU 10 reads the data stored 
in the flash memory 17 and uses the game program by execut 
ing the game program. The flash memory 17 may store, in 
addition to the data that is transferred between the game 
device 3 and other game devices or various servers, save data 
of the game (result data or midway data of the game) that was 
played using the game device 3. 

Moreover, the input/output processor 11a receives, via the 
antenna 23 and the wireless controller module 19, the opera 
tional data sent from the controller 5, and stores (temporarily 
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stores) it in the buffer area of the internal main memory 11e or 
the external main memory 12. 

In addition, the expansion connector 20 and the memory 
card connector 21 are connected to the input/output processor 
11e. The expansion connector 20 is a connector for interfaces 
such as USB and SCSI, and can communicate with the net 
work in substitute for the wireless communication module 18 
by connecting a media Such as an external storage medium, 
connecting a peripheral device Such as another controller, or 
connecting a wired communication connector. The memory 
card connector 21 is a connector for connecting an external 
storage medium such as a memory card. For example, the 
input/output processor 11a accesses the external storage 
medium via the expansion connector 20 or the memory card 
connector 21, and can thereby store the data in the external 
storage medium or read the data from the external storage 
medium. 
The game device 3 is provided with a power button 24, a 

reset button 25, and an eject button 26. The power button 24 
and the reset button 25 are connected to the system LSI 11. 
When the power button 24 is turned ON. power is supplied to 
the respective constituent elements of the game device 3 via 
an AC adapter not shown. When the reset button 25 is pressed, 
the system LSI 11 reboots the boot program of the game 
device 3. The eject button 26 is connected to the disk drive 14. 
When the eject button 26 is pressed, the optical disk 4 is 
ejected from the disk drive 14. 

Configuration of Input Device 7 
The input device 7 is now explained with reference to FIG. 

3 to FIG. 5. FIG. 3 is a perspective view showing the external 
configuration of the input device 7. FIG. 4 is a perspective 
view showing the external configuration of the controller 5. 
FIG. 3 is a perspective view of the controller 5 as seen from 
the upper rear side, and FIG. 4 is a perspective view of the 
controller 5 as seen from the lower front side. 
The controller 5 includes a housing 31 that is formed, for 

example, via plastic molding. The housing 31 is formed in a 
Substantial rectangular shape with its front-back direction 
(Z-axis direction shown in FIG. 3) as its longitudinal direc 
tion, and, as a whole, is of a size that can be gripped by an 
adult or a child using one hand. The user can perform game 
operations by pressing the buttons provided to the controller 
5 and moving the controller 5 itself to change the position or 
posture thereof. 
The housing 31 is provided with a plurality of operation 

buttons. As shown in FIG. 3, the top face of the housing 31 is 
provided with a cross button 32a, a first button 32b, a second 
button 32c, an A button 32d, a minus button 32e, a home 
button 32f a plus button 32g, and a power button32h. Mean 
while, as shown in FIG. 4, a concave part is formed on the 
bottom face of the housing. 31, and a B button 32i is provided 
to the backside inclined surface of such concave part. Each of 
the operation buttons 32a to 32i is assigned a function as 
needed according to the game program that is executed by the 
game device 3. Moreover, the power button 32h is used for 
remotely turning ON/OFF the power of the game device 3. 
The top face of the home button 32f and the power button32h 
is caved in the top face of the housing 31. It is thereby possible 
to prevent the user from erroneously pressing the home button 
32for the power button 32h. 
A connector 33 is provided to the rear face of the housing 

31. The connector 33 is used for connecting other devices (for 
example, the subunit 76 or another controller) to the control 
ler 5. Moreover, a locking hole 33a for preventing the fore 
going device from easily becoming separated is provided to 
either end of the connector 33 on the rear face of the housing 
31. 
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8 
A plurality of (four in FIG. 3) LEDs 34a to 34d are pro 

vided rearward on the top face of the housing 31. Here, the 
controller 5 is given a controller type (number) for differen 
tiation from the other main controllers. Each of the LEDs 34a 
to 34d is used for notifying the user of the foregoing controller 
type that is currently set to the controller 5, and notifying the 
battery power of the controller 5. Specifically, when game 
operations are performed using the controller 5, one among 
the plurality of LED34a to 34d is illuminated according to the 
foregoing controller type. 

Moreover, the controller 5 includes an imaging informa 
tion arithmetic unit 35 (FIG. 6), and, as shown in FIG. 4, the 
front face of the housing 31 is provided with a light incident 
face 35a of the imaging information arithmetic unit 35. The 
light incident face 35a is configured from a material that at 
least allows the transmission of the infrared light from the 
markers 6R and 6L. 
A sound through hole 31a for emitting Sound from a 

speaker (not shown) built into the controller 5 to the outside is 
formed between the first button 32b and the home button 32f 
on the top face of the housing 31. 

Moreover, the controller 5 has an acceleration sensor 37 
(refer to FIG. 6) for detecting the acceleration (including 
gravitational acceleration) of the controller 5, and gyro sen 
sors (biaxial gyro sensor 55 and uniaxial gyro sensor 56 
shown in FIG. 6) for detecting the angular velocity around 
three axes of the controller 5 built therein. 
The sub unit 76 is now explained with reference to FIG. 1 

and FIG. 5. Note that FIG. 5 is a perspective view showing a 
status where the upper case (part of the housing 77) of the sub 
unit 76 has been removed. 
The subunit 76 includes a housing 77 formed, for example, 

via plastic molding. The housing 77 is of a size that can be 
gripped by an adult or a child using one hand. 
A Stick 78a serving as a direction designating means is 

provided to the top face of the housing 77. The stick 78a is an 
operational unit that outputs operational signals according to 
the tilting direction as a result of a tiltable stick protruding 
from the top face of the housing 77 being tilted. For example, 
the user can designate an arbitrary direction or position by 
tilting the tip of the stick in an arbitrary direction of 360°, and 
thereby command the moving direction of the user character 
or the like appearing in the virtual game world, or command 
the moving direction of the cursor. Note that an arrow key 
may be provided in substitute for the stick 78a. 
A plurality of operation buttons (C button 78d and Z button 

78e) are provided at the front face of the housing 77 of the sub 
unit 76. The operation buttons 78d and 78e are operational 
units that output operational signals assigned to the respective 
operation buttons 78d and 78e by the user pressing the button 
head. These operation buttons 78d and 78e are respectively 
assigned a function according to the game program that is 
executed by the game device 3. 
A substrate is fixedly installed in side the housing 77, and 

the stick 78a, an acceleration sensor 761 and the like are 
provided on the main top face of the substrate. These compo 
nents are connected to a connection cable 79 via a wiring (not 
shown) formed on the substrate and the like. 
Note that the shape of the controller 5 and the sub unit 76, 

shape of the respective operation buttons, quantity and 
arrangement of sensors and vibrators shown in FIG.3 to FIG. 
5 are merely one example, and other shapes, quantities and 
arrangements may be used. Moreover, in this embodiment, 
although the imaging direction by the imaging means is the 
Z-axis normal direction, the imaging direction may be any 
direction. Specifically, the position of the imaging informa 
tion arithmetic unit 35 (light incident face 35a of the imaging 
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information arithmetic unit 35) in the controller 5 does not 
have to be the front face of the housing 31, and may be 
provided to any other face so as long as it can take in light 
from the outside of the housing 31. 

FIG. 6 is a block diagram showing the configuration of the 
input device 7 (controller 5 and sun unit 76). The controller 5 
comprises an operational unit 32 (respective operation but 
tons 32a to 32i), a connector 33, an imaging information 
arithmetic unit 35, a communication unit 36, acceleration 
sensors 37, 761 and gyro sensors 55, 56. The controller 5 is 
used for sending, to the game device 3, operational data 
showing the contents of the operation that was performed to 
itself. 
The operational unit 32 includes the respective operation 

buttons 32a to 32i described above, and outputs, to the micro 
computer 42 of the communication unit 36, the operation 
button data showing the input status of the respective opera 
tion buttons 32a to 32i (whether the respective operation 
buttons 32a to 32i were pressed). 

The imaging information arithmetic unit 35 is a system for 
analyzing the image data that was imaged by the imaging 
means and determining an area with high luminance, and 
calculating the center position, size and the like of Such area. 
Since the imaging information arithmetic unit 35 has a maxi 
mum sampling frequency of, for example, roughly 200 
frames/second, it can follow and analyze even relatively fast 
movements of the controller 5. 
The imaging information arithmetic unit 35 includes an 

infrared filter 38, a lens 39, an imaging element 40, and an 
image processing circuit 41. The infrared filter 38 only allows 
the transmission of infrared light among the light entering 
from the front of the controller 5. The lens 39 focuses the 
infrared light that passed through the infrared filter 38 and 
causes it to enter the imaging element 40. The imaging ele 
ment 40 is, for example, a Solid imaging element such as a 
CMOS sensor or a CCD sensor, and outputs image signals 
upon receiving the infrared light that was focused by the lens 
39. Here, the markers 6R and 6L of the marker unit 6 disposed 
in the vicinity of the display screen of the TV 2 are configured 
from infrared LEDs that output infrared light forward from 
the front of the TV 2. Accordingly, by providing the infrared 
filter 38, the imaging element 40 generates image data only by 
receiving the infrared that passed through the infrared filter 
38, and it is there possible to more accurately capture the 
images of the markers 6R and 6L. The image that was cap 
tured by the imaging element 40 is hereinafter referred to as 
the captured image. The image data generated by the imaging 
element 40 is processed by the image processing circuit 41. 
The image processing circuit 41 calculates the position of the 
imaging targets (markers 6R and 6L) in the captured image. 
The image processing circuit 41 outputs the coordinates 
showing the calculated position to the microcomputer 42 of 
the communication unit 36. Data of these coordinates is sent 
by the microcomputer 42 to the game device 3 as operational 
data. The foregoing coordinates are hereinafter referred to as 
the “marker coordinates'. Since the marker coordinates 
change in correspondence to the direction (inclination angle) 
or position of the controller 5 itself, the game device 3 can 
calculate the direction or position of the controller 5 by using 
the marker coordinates. 

Note that, in the other embodiments, the controller 5 may 
be configured without the image processing circuit 41, and 
the captured image itself may be sent from the controller 5 to 
the game device 3. Here, the game device 3 may include a 
circuit or a program with the same function as the image 
processing circuit 41 to calculate the foregoing marker coor 
dinates. 
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The acceleration sensor 37 detects the acceleration (includ 

ing gravitational acceleration) of the controller 5; that is, 
detects the force (including gravity) that works on the con 
troller 5. The acceleration sensor 37 detects the value of the 
acceleration (rectilinear acceleration) in the rectilinear direc 
tion along the sensing axis direction among the accelerations 
that are applied to the detection unit of the acceleration sensor 
37. For example, in the case of a mu axial acceleration sensor 
of two axes or more, accelerations of the components along 
the respective axes are respectively detected as the accelera 
tions that are being applied to the detection unit of the accel 
eration sensor. For example, a triaxial or biaxial acceleration 
sensor may be the type that is available from Analog Devices, 
Inc. or STMicroelectronics N.V. Note that the acceleration 
sensor 37 is, for example, a capacitance-type acceleration 
sensor, but acceleration sensors of other types may also be 
used. 

In this embodiment, the acceleration sensor 37 detects the 
respective rectilinear accelerations concerning the triaxial 
direction including the vertical direction (Y-axis direction 
shown in FIG. 3), the horizontal direction (X-axis direction 
shown in FIG.3) and the longitudinal direction (Z-axis direc 
tion shown in FIG. 3) with the controller 5 as the reference. 
Since the acceleration sensor 37 is used for detecting the 
acceleration concerning the rectilinear direction along the 
respective axes, the output from the acceleration sensor 37 
represents the value of the rectilinear acceleration of each of 
the three axes. Specifically, the detected acceleration is rep 
resented as a three-dimensional vector (ax, ay, az) in the XYZ 
coordinate system (hereinafter referred to as the “controller 
coordinate system') that is set with the input device 7 (con 
troller 5) as the reference. In the ensuing explanation, the 
vector that uses the respective values concerning the three 
axes detected by the acceleration sensor 37 as the respective 
components is referred to as the acceleration vector. 

Data (acceleration data) showing the acceleration (accel 
eration vector) detected by the acceleration sensor 37 is out 
put to the communication unit 36. Note that, since the accel 
eration detected by the acceleration sensor 37 changes in 
correspondence with the direction (inclination angle) and 
movement of the controller 5 itself, the game device 3 can 
calculate the direction and movement of the controller 5 by 
using the foregoing acceleration data. 
The biaxial gyro sensor 55 and the uniaxial gyro sensor 56 

detect the angular Velocity around the three axes (in this 
embodiment, XYZ axis of the controller coordinate system), 
and send the data (angular Velocity data) showing the detected 
angular velocity to the controller 5. 
The biaxial gyro sensor 55 detects the angular velocity (per 

unit time) around the X-axis and the angular velocity (per unit 
time) around the Y-axis. Moreover, the uniaxial gyro sensor 
56 detects the angular velocity (per unit time) around the 
Z-axis. Note that, in this specification, the rotating directions 
around the Z-axis, around the X-axis and around the Y-axis 
with the imaging direction (Z-axis normal direction) of the 
controller 5 as the reference are respectively referred to as the 
roll direction, the pitch direction, and the yaw direction. Spe 
cifically, the biaxial gyro sensor 55 detects the angular veloc 
ity of the pitch direction (rotating direction around the 
X-axis) and the yaw direction (rotating direction around the 
Y-axis), and the uniaxial gyro sensor 56 detects the angular 
velocity of the roll direction (rotating direction around the 
Z-axis). 

Note that this embodiment adopts a configuration of using 
the biaxial gyro sensor 55 and the uniaxial gyro sensor 56 for 
detecting the angular velocity around the three axes, but in the 
other embodiments, there is no limitation in the quantity and 
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combination of the gyro sensors So as long as it is possible to 
detect the angular velocity around the three axes. 

Moreover, in this embodiment, the three axes for which the 
angular Velocity is to be detected by the respective gyro 
sensors 55 and 56 are set to coincide with the three axes (XYZ 
axis) for which the acceleration is to be detected by the 
acceleration sensor 37. However, in the other embodiments, 
the three axes for which the angular velocity is to be detected 
by the respective gyro sensors 55 and 56 and the three axes for 
which the acceleration is to be detected by the acceleration 
sensor 37 do not have to coincide. 

Data showing the angular Velocity detected by the gyro 
sensors 55 and 56 is output to the microcomputer 54. Accord 
ingly, data showing the angular velocity around the three axes 
of the XYZ axis is input to the microcomputer 54. The micro 
computer 54 sends the foregoing data showing the angular 
Velocity around the three axes as the angular velocity data to 
the controller 5 via a plug 53. Note that the sending of data 
from the microcomputer 54 to the controller 5 is performed 
intermittently for each predetermined cycle, but since the 
game processing is generally performed in units of "/60 sec 
onds (as one frame time), data is preferably sent in a cycle that 
is less than the foregoing time. 

In this embodiment, the game device 3 determines the 
posture of the input device 7 (controller 5) based on the 
acceleration data and the angular velocity data. The posture of 
the input device 7 is represented, for example by coordinate 
values of the xyz coordinate system (hereinafter referred to as 
the “local coordinate system’’) with a predetermined position 
of a space where the input device 7 exists, as the reference. 
Here, as shown in FIG. 1, let it be assumed that the xyz 
coordinate system is a coordinate system in which, on the 
premise that the input device 7 is positioned in front of the 
marker unit 6, the direction facing the marker unit 6 from the 
position of the input device 7 is the Z-axis normal direction, 
the vertical direction (opposite direction of the gravitational 
direction) is the y-axis normal direction, and the leftward 
direction when viewing the marker unit 6 from the position of 
the input device 7 is the x-axis normal direction. Moreover, 
here, the posture of the input device 7 when the X-axis, the 
Y-axis, and the Z-axis with the input device 7 (controller 5) as 
the reference respectively coincide with the X-axis, y-axis and 
Z-axis directions is referred to as the reference posture. The 
posture of the input device 7 is the posture in the xyz coordi 
nate system when the input device 7 is rotated respectively in 
the roll direction (around the Z-axis), the pitch direction 
(around the X-axis), and the yaw direction (around the Y-axis) 
with the Z-axis direction from the reference posture as the 
reference. 
The communication unit 36 includes a microcomputer 42, 

a memory 43, a wireless module 44, and an antenna 45. The 
microcomputer 42 controls the wireless module 44 which 
wirelessly sends the data acquired by the microcomputer 42 
to the game device 3 while using the storage area of the 
memory 43 upon performing the processing. Moreover, the 
microcomputer 42 is connected to the connector 33. Data sent 
from the sub unit 76 is input to the microcomputer 42 via the 
connector 33. 
The sub unit 76 comprises the foregoing operational unit 

78 and acceleration sensor 761, and is connected to the micro 
computer 42 via the connection cable 79, the connector 791 
and the connector 33. In addition, the operational signal (Sub 
key data) from the operational unit 78 provided to the subunit 
76 and the acceleration signal (sub acceleration data) from the 
acceleration sensor 761 are output to the microcomputer 42 
via the connection cable 79. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
Returning to the explanation of the controller 5, data output 

from the operational unit 32, the imaging information arith 
metic unit 35, the acceleration sensor 37, 761 and the gyro 
sensors 55, 56 to the microcomputer 42, and data sent from 
the sub unit 76 to the microcomputer 42 are temporarily 
stored in the memory 43. The foregoing data are sent as 
operational data to the game device 3. Specifically, the micro 
computer 42 outputs the operational data stored in the 
memory 43 to the wireless module 44 when the timing of 
sending data to the wireless controller module 19 of the game 
device 3 arrives. The wireless module 44 uses, for example, 
the Bluetooth (registered trademark) technology to modulate 
the carrier wave of a predetermined frequency into opera 
tional data, and emits its weak radiowave signal from the 
antenna 45. In other words, the operational data is modulated 
into a weak radiowave signal by the wireless module 44 and 
then sent to the controller 5. The weak radiowave signal is 
received by the wireless controller module 19 of the game 
device 3. The game device 3 can acquire the operational data 
by demodulating or decoding the received weak radiowave 
signal. In addition, the CPU 10 of the game device 3 performs 
the game processing based on the acquired operational data 
and the game program. Note that the wireless transmission of 
data from the communication unit 36 to the wireless control 
ler module 19 is performed intermittently for each predeter 
mined cycle, but since the game processing is generally per 
formed in units of "/60 seconds (as one frame time, data is 
preferably sent in a cycle that is less than the foregoing time. 
The communication unit 36 of the controller 5 outputs the 
respective operational data to the wireless controller module 
19 of the game device 3 at a ratio of once per/200 seconds. 

Outline of Game Processing 
Outline of the game that is executed by the game system 1 

is now explained with reference to FIG. 7 and FIG. 8. 
FIG. 7 is a schematic diagram showing the operation 

method of the input device 7 by the user upon using the 
simulation function of a violin provided by the game system 
1 according to this embodiment. With the game executed in 
this embodiment, as a part of the game processing, provided 
is a simulation function of a violin for outputting Sound 
according to the operations by the user. The user can output 
Sound from the speaker 2a according to the operation, as 
though he/she is actually playing the violin, by portraying the 
controller 5 as a violin bow and operating the controller 5. In 
other words, in this embodiment, the controller 5 becomes a 
virtual bow. Then, the various sensor built into the controller 
5 detects the bowing operation of frictioning (stroking) the 
virtual strings by using the controller 5 as the virtual bow, the 
posture variation per unit time, and the Volume parameter 
according to the posture variation is thereby decided. The 
bowing operation includes the movement of stroking and 
changing strings of moving the controller 5 in the directions 
shown in FIG. 7. Note that, with a bow-drawn stringed instru 
ment Such as a violin, the performer normally plays the instru 
ment by consciously moving the bow perpendicularly to the 
strings, but since in reality a rotational motion is detected, the 
movement of the bow can be detected based on the posture 
variation or angular velocity of the controller 5 as the virtual 
bow. 

Moreover, in this embodiment, the bowing operation is 
detected by the various sensors built into the controller 5 and 
the operation of string changing is detected, and the user can 
perform the string changing with a feeling as through he/she 
is performing the string changing with an actual violin. More 
over, in this embodiment, the sub unit 76 serves, as a virtual 
fingerboard, and the user can change the pitch with a feeling 
as though he/she is pressing the strings of an actual violin 
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based on the pressed state of the buttons 78a, 78d and 78e 
provided to the sub unit 76 as the virtual fingerboard. 

FIG. 8 is a schematic diagram showing the local coordinate 
system (XyZ coordinate system) that is used upon utilizing the 
simulation function of the violin according to this embodi 
ment and the movement of the controller coordinate system 
(XYZ coordinate system) in relation thereto. In this embodi 
ment, the controller 5 is gripped by the user in a state where 
the front face of the controller 5 (Y-axis direction) is facing 
the user side (in other words, state of being rolled approxi 
mately 90 degrees in advance). Thus, the operation of the user 
gripping the controller 5 and stroking the controller 5 with the 
user's body as the axis is mainly detected as the operation in 
the pitch direction, and the string changing operation of the 
user gripping the controller and tilting the end of the control 
ler 5 vertically is detected as the operation in the yaw direction 
(circumferential direction with the direction that the violin 
strings are stretched as the axis). In this embodiment, the 
movement of this kind of stroke becomes the operation in the 
pitch direction as described above. Thus, the movement of 
strokes can be expresses as the movement in which the pos 
ture of the Y-axis and Z-axis of the controller coordinate 
system changes relative to the local coordinate system. More 
over, as described above, since the controller 5 is gripped by 
the user in a state of being rolled approximately 90 degrees in 
advance, the movement of strokes becomes the movement 
that mainly reflects the X component and Z component in the 
local coordinate system (refer to the correspondence of the 
controller coordinate system and the local coordinate system 
shown in FIG. 8). Thus, in the volume update processing 
described later with reference to FIG. 15, the respective pos 
ture variations of the Y-axis and Z-axis of the controller coor 
dinate system are represented using the X component and Z 
component in the local coordinate system (refer to the posture 
variations diry X, diry Z, dirZ X and dirz Z described 
later). 

Functional Configuration of Game Device 
FIG. 9 is a diagram showing the functional configuration 

and the data configuration of the game device 3 according to 
this embodiment. The respective functional units shown in 
FIG. 9 (posture variation acquisition unit 101 volume param 
eter setting unit 102, string designation information retention 
unit 103, String changing unit 104, output volume control unit 
105 and sound signal output unit 106) are, for example, a part 
of the functions that are realized by the CPU 10, the DSP 11c, 
the GPU 11b and the like reading and executing the game 
program stored in the optical disk 4 and extracting it into the 
internal main memory 11e or the external main memory 12. 
In other words, the game device 3 according to this embodi 
ment operates as the musical performance apparatus accord 
ing to the present invention which simulates a sounding 
device by executing the game program. 
The posture variation acquisition unit 101 acquires the 

posture variation per unit time of the controller 5 by calculat 
ing the variation per unit time (perframe in this embodiment) 
of the X-axis, Y-axis and Z-axis serving as the reference 
showing the posture of the controller 5 relative to the local 
coordinate system (XyZ coordinate system) defined the real 
space based particularly on data (measurement information) 
concerning the movement of the controller 5 among the 
operational data. Here, the posture variation acquisition unit 
101 acquires a plurality of posture variations that are broken 
down for each combination of the axes of the local coordinate 
system (X-axis and Z-axis in this embodiment) and the axes 
serving as the reference showing the posture of the controller 
5 (Y-axis and Z-axis in this embodiment). Details concerning 
the calculated posture variations will be described later. 
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Note that, in this embodiment, the posture variation acqui 

sition unit 101 acquires the average value of the posture 
variations acquired within a predetermined period (16 frames 
in this embodiment) as the posture variation to be referred to 
for setting the volume parameter. Note that, in this embodi 
ment, consideration of the fact that variations will occur in the 
measurement values acquired from the gyro sensors 55, 56. 
the average value of the posture variations is calculated and 
referred to, but the posture variation to be referred is not 
limited to the average value. 
The volume parameter setting unit 102 sets the volume 

parameter for deciding the Volume of producing Sound from 
the Sounding device according to the posture variation per 
unit time (frame). The volume parameter setting unit 102 
acquires and sets the Volume parameter according to the 
posture variation by referring to a map that prescribes the 
correspondence of the posture variation and the Volume 
parameter. Note that the map representing the relationship of 
the posture variation and the volume parameter will be 
described later with reference to FIG. 16. However, the Vol 
ume parameter may also be calculated using a relational 
expression prescribing the correspondence of the posture 
variation and the Volume parameter. Specifically, the posture 
variation acquisition unit 101 and the Volume parameter set 
ting unit 102 set the Volume parameter by executing the 
Volume update processing described later with reference to 
FIG. 15. 
Note that, in this embodiment, the volume parameter set 

ting unit 102 sets the volume parameter based on two or more 
posture variations in descending order of value among the 
plurality of posture variations acquired by the posture varia 
tion acquisition unit 101. 
The string designation information retention unit 103 

retains a string designation parameter which designates a 
string that is currently the target to be sounded. Then, the 
string changing unit 104 changes the String designated by the 
string designation parameter when it is determined that the 
angular acceleration to the circumferential direction (yaw 
direction of the controller) centering on the string has 
exceeded the threshold based on the operational data. Spe 
cifically, the string changing unit 104 changes the string des 
ignated by the string designation parameter by executing the 
designated String update processing described later with ref 
erence to FIG. 12A and FIG. 12B. 
The output volume control unit 105 stops the output of the 

Sound signal by the Sound signal output unit 106 for a prede 
termined time or lowers the output Volume of the sound signal 
by the sound signal output unit 106 when it is determined, 
based on the operational data, that the positive and negative of 
angular acceleration in the pitch direction have inverted. As a 
result of the above, when the user performs the reversion 
operation, the output of Sound is once stopped or the Volume 
is lowered. A “reversion operation' is an operation that is 
performed in order to switch the direction of the stroke when 
performing the reciprocal stroke operation of the stringed 
instrument. Normally, when the reversion operation is per 
formed, since the user decelerates for ending the stroke in the 
direction that was performed up to then, the positive and 
negative of the angular acceleration are inverted. In other 
words, according to this embodiment, since the reversion 
performed by the user is detected and the output of sound is 
once stopped or the Volume is lowered, the user can experi 
ence a sensation as though actually playing the violin. Spe 
cifically, the output volume control unit 105 performs the 
output volume control during the reversion operation by 
executing the bowing update processing described later with 
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reference to FIG. 14A and FIG. 14B and the sound signal 
output processing described later with reference to FIG. 17. 

Note that, as described above, in this embodiment, the 
controller 5 is gripped by the user in a state of being rolled 
approximately 90 degrees in advance (refer to FIG. 8). Then, 
the string will be substantially horizontal when the violin is 
set up normally, and the bow engages in a rotational motion 
with the user's body as the axis during the stroke. Thus, in this 
embodiment, the reversion operation is detected based on the 
positive and negative of the angular acceleration to the pitch 
direction. However, since the setup and rotating direction of 
the bow will differ depending on the bow-drawn stringed 
instrument as the simulation target, the rotating direction used 
for determining the inversion of positive and negative in 
detecting the reversion operation can be set as needed accord 
ing to the simulation target. 
The sound signal output unit 106 outputs sound signals of 

the Volume according to the settings of the Volume parameter 
and the like. Specifically, the sound signal output unit 106 
outputs sound signals of the Volume according to the settings 
of the Volume parameter and the like by executing the Sound 
signal output processing described later with reference to 
FIG. 17. 

Data Configuration of Game Device 
The various data used in the simulation processing accord 

ing to this embodiment are now explained with reference to 
FIG. 9. The internal main memory 11e or the external main 
memory 12 retains various data Such as the stroke status, 
stroke power, string designation parameter, Volume param 
eter, pitch parameter, Sound label and the like. 
The stroke status is information showing the status of the 

stroke by the user. Bowing of the violin includes an UP stroke 
and a DOWN stroke. In this embodiment, in the posture 
shown in FIG. 7 and FIG. 8, the stroke of the user pulling 
one's hand gripping the controller 5 closing to one’s body is 
referred to as the UP stroke, and the stroke of the user pushing 
one's hand gripping the controller 5 away from one's body is 
referred to as the DOWN stroke. A violin is played by alter 
nately repeating the UP stroke and the DOWN stroke. As the 
stroke status, set may be, in addition “no stroke' as the value 
for initialization, “UP stroke. “DOWN stroke,” “UP to 
DOWN Stroke and “DOWN to UP Stroke’ can be set as the 
current stroke status. Here, the UP to DOWN stroke is the 
stroke status that is set while the stroke status is moving from 
the UP stroke to the DOWN stroke, and the DOWN to UP 
stroke is the stroke status that is set while the stroke status is 
moving from the DOWN stroke to the UP stroke. The stroke 
status is initialized with “no stroke' in the initialization pro 
cessing described later. 
The stroke power is information that is referred to upon 

setting the tone of the Sounding device (violin in this embodi 
ment) as the simulation target. In the embodiment, by repro 
ducing the Sound label according to the stroke power, it pos 
sible to output Sound signals with a tone according to the force 
of the bowing stroke. The stroke power can be set as “weak” 
or “strong.” The stroke power is initialized as “weak” in the 
initialization processing described later. 
The string designation parameter is information showing 

which string among the four strings of the violin is the target 
to be sounded (in other words, which string is being played by 
the virtual bow). Since the violin is drawn with a G string, a D 
string, an A String, and an E String in order from the low pitch 
string, information capable of identifying the four strings is 
set as the string designation parameter. Note that, in this 
embodiment, the string designation parameteruses 0 (zero) as 
the value showing the G string, 5 as the value showing the D 
string, 10 as the value showing the A string, and 15 as the 
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value showing the E String. Thus, by adding 5 to the string 
designation parameter, the string is changed to the next higher 
pitch String, and, by Subtracting 5 from the string designation 
parameter, the string is changed to the next lower pitch String. 
However, other methods such as using a flag or the like 
showing the respective strings can also be adopted as the 
method of designating the respective strings in the string 
designation parameter. The String designation parameter is 
initialized with the value (“10” in this embodiment) showing 
the A String in the initialization processing described later. 
The Volume parameter is information for designating the 

Volume of sound signals to be output. In this embodiment, the 
volume parameter can take on a value between 0.0000 show 
ing silence to 1.0000 showing the maximum volume. The 
volume parameter is initialized with 0.0000 (silent) in the 
initialization processing described later. 
The pitch parameter is information for designating the 

pitch of sound signals to be output. Moreover, in this embodi 
ment, the pitch parameter is a value in which 1 is added for 
each half step up and in which 1 is subtracted for each half 
step down with the pitch (440 or 442 Hz) in the case of 
Sounding the A string of the violin as an open string as 0 
(Zero). The pitch parameter is initialized with 0 (zero) in the 
initialization processing. 
The sound label is data of a sound waveform for deciding 

the tone of sound to be output from the game device 3. As the 
Sound label, set can be a Sound waveform for representing a 
tone corresponding to a “weak” stroke power and a Sound 
waveform for representing a tone corresponding to a “strong 
stroke power. The sound label is initialized with a sound label 
corresponding to the “weak” stroke power in the initialization 
processing described later. 

In addition, the internal main memory 11e or the external 
main memory 12 retains various flags including a string 
change preparation flag, a Volume control flag and a reversion 
flag. The String change preparation flag is a flag for showing 
whether it is the preparatory stage of the string changing. The 
Volume control flag is a flag that is referred to in the Sound 
signal output processing for implementing the effect of low 
ering the Volume during the reversion operation. Moreover, 
the reversion flag is a flag for showing that the reversion 
operation was detected during the stroke. The various flags 
are initialized with OFF in the initialization processing 
described later. 

<Processing Flow 
The flow of processing executed in this embodiment is now 

explained with reference to the flowcharts. Note that the 
specific contents and the processing routine of the processing 
shown in the flowcharts according to this embodiment are an 
example for working the present invention. The specific pro 
cessing contents and the processing routine may be suitably 
selected according to embodiments of the present invention. 

Simulation Processing 
FIG. 10 is a flowchart showing the flow of the simulation 

processing according to this embodiment. The simulation 
processing according to this embodiment is executed as a part 
of the game based on the game program that is executed by the 
game device 3. 

In step S002 to step S003, the initialization processing is 
performed. The CPU 10 initializes the operational data, vari 
ous variables to be used in this simulation processing, infor 
mation for managing the execution status of this simulation 
processing, and the various flags used in this simulation pro 
cessing recorded in the buffer area of the internal main 
memory 11e or the external main memory 12 (step S001). 
Moreover, the CPU 10 initializes the volume parameter, the 
pitch parameter and the sound label which are referred to 
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upon generating the Sound signals to be output in this simu 
lation processing (step S002). The explanation of the specific 
contents of initialization is omitted since it has been previ 
ously described in the explanation of the data configuration. 

In addition, the game device 3 leads the user to take the 
posture of playing the violin while portraying the controller 5 
as a bow. When the user takes the posture of playing the violin 
(refer to FIG. 7), the CPU 10 defines the local coordinate 
system to serve as the reference showing the positional pos 
ture in the real space with the controller position as the initial 
position, and acquires the correspondence of the local coor 
dinate system and the controller coordinate system showing 
the positional posture of the controller 5 (step S003). The 
correspondence of the local coordinate system and the con 
troller coordinate system can be calculated based on the 
operational data acquired from the controller 5. The process 
ing thereafter proceeds to step S004. 

Note that the processing shown in this flowchart is the 
simulation processing of a violin which outputs Sound signals 
according to the operational data by being repeatedly 
executed in frame units divided by 60 frames/second. Thus, 
the processing from step S004 to step S009 explained below 
is executed for each frame. 

In step S004, the operational data input from the controller 
5 is updated. The CPU 10 acquires the operational data from 
the various sensors provided to the controller 5 including the 
status of the respective operation buttons 32a to 32i. 78e, 78d 
and the stick 78a provided to the controller 5 and the sub unit 
76, the marker coordinates calculated by the image process 
ing circuit 41, the acceleration detected by the acceleration 
sensor 37, and the angular Velocity measured using the gyro 
sensors 55, 56, and thereby updates the buffer area of the 
internal main memory 11e or the external main memory 12. 
The processing thereafter proceeds to step S005. 

In step S005, the information (hereinafter referred to as the 
“posture-related information') relating to the three-dimen 
sional posture of the controller 5 is updated. The CPU 10 
calculates the three-dimensional posture of the controller 5 
relative to the local coordinates and the respective angular 
accelerations and angular acceleration variations of the yaw 
direction, the pitch direction, and the roll direction of the 
controller 5 based on the input contents (operational data) 
from the controller 5 which were updated in step S004, and 
thereby updates the posture-related information of the con 
troller 5 retained in the memory. For example, the CPU 10 
calculates the respective angular accelerations and angular 
acceleration variations of the yaw direction, the pitch direc 
tion, and the roll direction based on the respective angular 
velocities of the yaw direction, the pitch direction, and the roll 
direction of the controller 5 which were acquired and updated 
by the gyro sensors 55, 56. Note that the angular accelerations 
and the angular Velocity variations can also be calculated 
based on only the angular velocities acquired from the gyro 
sensors 55, 56, and may also be corrected by using the infor 
mation and the like acquired from the acceleration sensor 37. 
The processing thereafter proceeds to step S006. 

In step S006, the pitch update processing is executed. The 
CPU 10 updates the pitch parameter for designating the pitch 
of Sound signals to be output based on the operational data 
that was updated in step S004 and the posture-related infor 
mation that was updated in step S005. The specific contents of 
the pitch update processing will be described later with ref 
erence to the flowcharts shown in FIG. 11 to FIG. 13. The 
processing thereafter proceeds to step S007. 

In step S007, the bowing update processing is executed. 
The CPU 10 updates the stroke status showing the status of 
the users hand movement in the performance of the stringed 
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instrument and the Volume control flag associated with the 
reversion based on the operational data that was updated in 
step S004 and the posture-related information that was 
updated in step S005. The specific contents of the bowing 
update processing will be described later with reference to the 
flowchart shown in FIG. 14A and FIG. 14B. The processing 
thereafter proceeds to step S008. 

In step S008, the volume update processing is executed. 
The CPU 10 updates the volume parameter for designating 
the Volume of Sound signals to be output based on the opera 
tional data that was updated in step S004 and the posture 
related information that was updated in step S005. The spe 
cific contents of the Volume update processing will be 
described later with reference to the flowchart shown in 15. 
The processing thereafter proceeds to step S009. 

In step S009, the sound signal output processing is 
executed. The CPU 10 generates and outputs sound signals 
based on the various types of information which were set in 
the processing from step S006 to step S008. The specific 
contents of the Sound signal output processing will be 
described later with reference to the flowchart shown in FIG. 
17. 
When the Sound signal output processing shown in step 

S009 is complete, the processing thereafter proceeds to step 
S010. In step S010, whether the simulation processing shown 
in this flowchart is complete is determined, and the process 
ing shown in this flowchart is ended when it is determined that 
the simulation processing is complete. Meanwhile, when it is 
determined that the simulation processing is not complete, the 
processing proceeds to step S004. In other words, with the 
simulation processing according to this embodiment, the pro 
cessing from step S004 to step S009 is repeatedly executed 
until an end command or the like is received from the user. 
Note that, as described above, the processing from step S004 
to step S009 of this flowchart is executed for each frame. 

Details concerning the pitch update processing, the bowing 
update processing, the Volume update processing, and the 
Sound signal output processing shown in step S006 to step 
S009 of FIG. 10 are now explained with reference to the 
flowcharts of FIG. 11 to FIG. 17. 

Pitch Update Processing 
FIG. 11 is a flowchart showing the flow of the pitch update 

processing according to this embodiment. The pitch update 
processing according to this embodiment includes the desig 
nated String update processing and the pressed string position 
update processing. In the designated String update process 
ing, the CPU 10 updates the string designation parameter 
showing which string among the four strings of the violin is 
the target to be sounded based on the movement and the like 
of the controller 5 detected by using the gyro sensors 55, 56 
and the like (step S101). Then, in the pressed string position 
update processing, the CPU 10 updates the pitch parameter 
upon determining which position of the string that is the target 
to be sounded is being pressed based on the pressed state and 
the like of the buttons of the sub unit 76 showing the pressed 
string position (step S102). The processing shown in this 
flowchart is thereafter ended. Note that the details of the 
designated String update processing will be described later 
with reference to FIG. 12A and FIG. 12B, and the details of 
the pressed String position update processing will be 
described later with reference to FIG. 13. 

FIG. 12A and FIG.12B are flowcharts showing the flow of 
the designated String update processing according to this 
embodiment. 

In step S201, the status of the String change preparation flag 
is determined. The CPU 10 determines whether the current 
status the preparatory stage of string changing by referring to 
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the string change preparation flag. When the String change 
preparation flag is OFF, the processing proceeds to step S202. 
When the string change preparation flag is ON, the processing 
proceeds to step S206. 
As described above, the string change preparation flag is a 

flag for showing whether it is the preparatory stage of string 
changing. In this embodiment, when a movement that Sug 
gests string changing by the user is detected, a preparatory 
stage of String changing is provided by using the string 
change preparation flag without immediately performing 
string changing. When an actual violin is played, the timing 
that the sound produced by the String changing is changed is 
the timing that the stroke after the string changing is started, 
and the flow of sound production will become unnatural if the 
Sound is immediately changed when the movement of string 
changing by the user is detected. Thus, in this embodiment, in 
order to enable the user to experience a feel where the sound 
production is started naturally at the timing when the rever 
sion stroke after the string changing is started, only the prepa 
ration of the String changing (string change preparation flag is 
ON) at the timing where the movement of string changing is 
detected, and the Sound to be produced is changed from the 
Subsequent frame onward. 

In step S202 and step S203, whether pressed state of the A 
button 32d has continued for a predetermined number of 
frames or more is determined. Upon the determination that 
the string change preparation flag is OFF in step S201, the 
CPU 10 determines whether the Abutton 32d is of a pressed 
status by referring to the operational data that was updated in 
step S004 of the simulation processing (step S202). When it is 
determined that the A button 32d is not being pressed, the 
processing shown in this flowchart is ended. Moreover, when 
it is determined that the A button 32d is being pressed, the 
CPU 10 refers to the number of continuous frames of pressed 
state which shows for how many frames the current pressed 
state has continued, and determines whether the pressed State 
of the Abutton 32d is continuing for a predetermined number 
of frames or more by comparing it with a predetermined 
threshold (for example, 60 frames) (step S203). More specifi 
cally, the number of continuous frames of pressed state of the 
Abutton32dis measured by using methods such as preparing 
a counter which is incremented by one for each frame while 
the pressed state of the A button 32d is continuing as the 
counter that is prepared in the internal main memory 11e or 
the external main memory 12. This counter is initialized to 0 
(Zero) at the time that the pressed state of the Abutton 32d is 
released. When it is determined that the pressed state of the A 
button 32d is continuing for a predetermined number of 
frames or more, the processing shown in this flowchart is 
ended. Meanwhile, when it is determined that the pressed 
state of the Abutton 32d is not continuing for a predetermined 
number of frames or more, the processing proceeds to step 
S204. 

In other words, in this embodiment, the user's unintended 
String changing is prevented by executing the String changing 
processing only when the Abutton 32d is being pressed (step 
S202). However, if the Abutton 32d is pressed for a prede 
termined time or longer, it is determined that the user is 
continuously pressing the A button 32d (erroneous opera 
tion), and the string changing processing is not executed even 
if the A button 32d is pressed (step S203). Note that the 
operation of expressly permitting string changing (operation 
of pressing the A button 32d in this embodiment) may be 
omitted. If the operation of expressly permitting string chang 
ing is omitted, a simulation that is closer to reality can be 
provided to the user since the string changing is executed only 
based on the movement of the controller 5. 
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In step S204, whether the user is performing movement for 

string changing is determined based on the movement of the 
controller 5. By referring to the angular acceleration variation 
of the pitch direction and the angular acceleration of the 
controller 5 in the yaw direction which were updated in step 
S005 of the simulation processing, the CPU 10 
(1) determines whether the positive and negative of the angu 

lar acceleration variation of the pitch direction have been 
inverted in comparison to the previous frame, and 

(2) determines whether the angular acceleration of the yaw 
direction has reached a predetermined range. 
In this embodiment, (1) by determining whether the posi 

tive and negative of the angular acceleration variation of the 
pitch direction have been inverted in comparison to the pre 
vious frame, the user's movement of decelerating for rever 
sion is detected, and (2) by determining whether the angular 
acceleration of the yaw direction has reached a predetermined 
range, the user's movement of changing strings is detected. In 
the determination of whether the angular acceleration of the 
yaw direction has reached a predetermined range, for 
example, it is determined that the operation for changing 
strings to a higher pitch string is being performed when the 
angular acceleration of the yaw direction becomes -0.5 or 
less. Meanwhile, it is determined that the operation for chang 
ing strings to a lower pitch string is being performed when the 
angular acceleration of the yaw direction becomes 0.3 or 
O. 

Here, if it is determined that the positive and negative of the 
angular acceleration variation of the pitch direction have been 
inverted in comparison to the previous frame and that the 
angular acceleration of the yaw direction has reached a pre 
determined range, the CPU 10 determines that the user is 
performing movement for String changing. When it is deter 
mined that the user is performing movement for string chang 
ing, the processing proceeds to step S205. When it is deter 
mined that the user is not performing movement for string 
changing, the processing shown in this flowchart is ended. 

In step S205, the string change preparation flag is turned 
ON. The CPU 10 turns ON the string change preparation flag 
upon the determination that the user is performing movement 
for String changing in step S204. The processing shown in this 
flowchart is thereafter ended. When the designated string 
update processing shown in this flowchart is executed in the 
Subsequent frame as a result of the string change preparation 
flag being turned ON in this step, the processing proceeds to 
step S206 in the determination shown in step S201, and the 
actual String changing (processing for updating the String 
designation parameter) is executed. 

In step S206, whether the user's reversion operation asso 
ciated with the string changing is complete is determined. 
Upon the determination that the string change preparation 
flag is ON in step S201, the CPU 10 refers to the angular 
acceleration of the controller 5 in the pitch direction which 
was updated in step S005 of the simulation processing and 
thereby determines whether the reversion operation associ 
ated with the string changing is complete. More specifically, 
the CPU 10 determines that the reversion operation is com 
plete when the angular acceleration of the controller 5 in the 
pitch direction is within a predetermined range including 0 
(Zero). Meanwhile, the CPU 10 determines that the reversion 
operation is not yet complete (still performing reversion 
operation) when the angular acceleration of the controller 5 in 
the pitch direction is not within a predetermined range includ 
ing 0 (zero). When it is determined that the user's reversion 
operation is complete, the processing proceeds to step S207. 
When it is determined that the user's reversion operation is 
not complete, the processing shown in this flowchart is ended. 
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In other words, with the designated String update processing 
according to this embodiment, the actual string changing is 
not performed until the user's reversion operation is complete 
even after the user's movement of string changing is detected 
and the String change preparation flag is turned ON. As a 
result of the above, the user can experience a feeling that is 
similar to playing an actual stringed instrument. 

In step S207, whether the user's string changing operation 
is a string changing operation to a higher pitch string or a 
string changing operation to a lower pitch string when viewed 
from the string that is currently the target to be sounded. The 
CPU 10 determines whether the user's string changing opera 
tion is a string changing operation to a higher pitch string or 
a string changing operation to a lower pitch string when 
viewed from the string that is currently the target to be 
Sounded by referring to the angular acceleration of the con 
troller 5 in the yaw direction which was updated in step S005 
of the simulation processing. With the example shown in this 
embodiment, the yaw to the left direction is shown as a 
positive value and the yaw to the right direction is shown as a 
negative value. As described above, in this embodiment, the 
controller 5 is gripped by the user in a state of being tilted 90 
degrees (status of being rolled 90 degrees), and the operation 
of tilting the tip of the controller 5 vertically when viewed 
from the user will be the operation toward the yaw direction. 
With a violin, when the user holds the instrument with one's 
left hand and holds the bow with one’s right hand as normally 
done, the low pitch string is drawn toward the tip of the bow 
and the high pitch string is drawn toward the base end. Thus, 
when the yaw value is negative (when the operation tilts the 
tip of the controller 5 upward, it is determined that the user's 
String changing operation is a string changing operation to a 
higher pitch String, and, when the yaw value is positive (when 
the operation tilts the tip of the controller 5 downward), it is 
determined that the user's String changing operation is a 
string changing operation to lower pitch String. When it is 
determined as a string changing operation to a higher pitch 
string, the processing proceeds to step S208. Meanwhile, 
when it is determined as a string changing operation to a 
lower pitch string, the processing proceeds step S210. 

In step S208 and step S209, string changing to a higher 
pitch string is executed. The CPU 10 determines whether the 
string that is currently the target to be sounded is the highest 
pitch string (E String in the case of a violin) by referring to the 
string designation parameter (step S208). Here, when it is 
determined that the string that is currently the target to be 
Sounded is the highest pitch String, since it is not possible to 
perform string changing to a higher pitch String, string chang 
ing is not performed, and the processing proceeds to step 
S212. Meanwhile, when it is determined that the string that is 
currently the target to be sounded is not the highest pitch 
string, the CPU 10 sets a value showing a string that is the next 
higher pitch String than the String that is currently the target to 
be sounded in the string designation parameter (step S209). 
The processing thereafter proceeds to step S212. 

In step S210 and step S211, string changing to a lower pitch 
string is executed. The CPU 10 determines whether the string 
that is currently the target to be sounded is the lowest pitch 
string (G String in the case of a violin) by referring to the string 
designation parameter (step S210). Here, when it is deter 
mined that the string that is currently the target to be sounded 
is the lowest pitch string, since it is not possible to perform 
String changing to a lower pitch string, String changing is not 
performed, and the processing proceeds to step S212. Mean 
while, when it is determined that the string that is currently 
the target to be sounded is not the lowest pitch string, the CPU 
10 sets a value showing a string that is the next lower pitch 
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string than the string that is currently the target to be sounded 
in the string designation parameter (step S211). The process 
ing thereafter proceeds to step S212. 

In step S212, the string change preparation flag is turned 
OFF. The CPU 10 turns OFF the string change preparation 
flag upon the determination on whether the string changing 
was executed (step S209 or step S211), or the determination 
that string changing cannot be performed (step S208 or step 
S210). The processing shown in this flowchart is thereafter 
ended. 

FIG. 13 is a flowchart showing the flow of the pressed 
string position update processing according to this embodi 
ment. 

In step S301 to step S307, the pitch parameter according to 
the relevant string is set based on the string that is current the 
target to be sounded. The CPU 10 determines whether the 
string that is currently the target to be sounded by referring to 
the string designation parameter and sets the pitch parameter 
according to the determination result. Specifically, the CPU 
10 sets -14 as the pitch parameter when the string designation 
parameter is a value showing the G string (step S301 and step 
S302), sets -7 as the pitch parameter when the string desig 
nation parameter is a value showing the P string (step S303 
and step S304), sets 0 (zero) as the pitch parameter when the 
string designation parameter is a value showing the A string 
(step S305 and step S306), and sets +7 as the pitch parameter 
when the String designation parameter is a value showing the 
E string (step S307). The processing thereafter proceeds to 
step S308. 

In step S308 to step S313, the pitch parameter is changed 
based on the user's string pressing operation. The CPU 10 
determines whether any one of the Z button 78e, the C button 
78d, and the stick 78a is of a pressed state by referring to the 
operational data that was updated in step S004 of the simu 
lation processing. The CPU 10 adds 5 or 6 to the pitch param 
eter (step S308 and step S309) when the Z button 78e is 
pressed, adds 3 or 4 to the pitch parameter (step S310 and step 
S311) when the C button 78d is pressed, and adds 1 or 2 to the 
pitch parameter (step S312 and step S313) when the stick 78a 
is a value other than 0. If no button is pressed (“No” in step 
S312), the pitch parameter is not changed. Note that, in this 
embodiment, a value according to the key and scale used in 
the performance is added to the pitch parameter. The CPU 10 
refers to a pre-set key and scale and decides whether the value 
added to the pitch parameter is any of the value shown in the 
explanation of foregoing step S308 to step S313. For 
example, when performing in concert with the song playing 
in the game, the setting may be automatically made to match 
the tonality (key and mode) that song. The processing shown 
in this flowchart is thereafter ended. 

Note that, as can be understood from the flowcharts, the 
buttons used for the string pressing operation are prioritized. 
In other words, if a plurality of buttons for String pressing are 
being pressed, as with the pitch being decided according to 
the location of the pressed string on the higher pitch side in an 
actual instrument, the pitch parameter is decided by giving 
preference to the buttons in which a greater value is added to 
the pitch parameter. Thus, the user perform with a feeling that 
is similar to playing an actual instrument. 

Bowing Update Processing 
FIG. 14A and FIG. 14B are flowcharts showing the flow of 

the bowing update processing according to this embodiment. 
In step S401 and step S402, the average value of the angular 

acceleration in the pitch direction (hereinafter referred to as 
the “average angular acceleration ACC AVE2) and the aver 
age value of the angular acceleration variation (hereinafter 
referred to as the “average angular acceleration variation 
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V AVE8) which are used in the bowing update processing 
are acquired. The CPU 10 acquires two frames worth of the 
angular acceleration of the controller 5 in the pitch direction 
that was updated in step S005 of the simulation processing, 
and calculates the average thereof (step S401). Moreover, the 
CPU 10 acquires eight frames worth of the angular accelera 
tion variation of the controller 5 in the pitch direction that was 
updated in step S005 of the simulation processing, and cal 
culates the average thereof (step S402). Note that, in this 
embodiment, in consideration of the fact that variation will 
occur in the measurement values acquired from the gyro 
sensors 55, 56, the average angular acceleration ACC AVE2 
and the average angular acceleration variation V AVE8 are 
calculated and referred to, the angular acceleration and angu 
lar acceleration variation referred to are not limited to the 
average value. The processing thereafter proceeds to step 
S403. 

In step S403 to step S413, the stroke status is updated based 
on the current stroke status and angular acceleration. The 
CPU 10 updates the stroke status based on the current stroke 
status and the average angular acceleration ACC AVE2 cal 
culated in step S401. In this embodiment, during the UP 
stroke, the angular Velocity in the pitch direction is shown as 
a negative value, and, during the DOWN stroke, the angular 
Velocity in the pitch direction is shown as a positive value. 
Thus, the movement of the user slowing the speed of one's 
hand during the UP stroke and the movement of the user 
increasing the speed of one's hand upon actually starting the 
DOWN stroke are represented as a positive angular accelera 
tion. Moreover, the movement of the user accelerating the 
speed of one's hand during the DOWN stroke and the move 
ment of increasing the speed of one's hand upon actually 
starting the UP Stroke are represented as a negative angular 
acceleration. 

Accordingly, when the current stroke status is set as the UP 
stroke and the average angular acceleration ACC AVE2 is 
positive, the CPU 10 determines that the user started the 
movement for the DOWN stroke during the UP stroke, and 
sets the stroke status to the UP to DOWN stroke (steps S403, 
S407 and S.406). Moreover, when the current stroke status is 
set to the DOWN stroke and the average angular acceleration 
ACC AVE2 is negative, the CPU 10 determines that the user 
started the movement for the UP stroke during the DOWN 
stroke, and sets the stroke status to the DOWN to UP stroke 
(steps S.404, S409 and S410). The processing thereafter pro 
ceeds to step S414. 

Moreover, since the CPU 10 can determine that the user 
started the DOWN stroke when the current stroke status is set 
to the UP to DOWN stroke and the average angular accelera 
tion ACC AVE2 is positive, the CPU 10 sets the stroke status 
to the DOWN stroke (steps S405, S411 and S412). Moreover, 
since the CPU 10 can determine that the user started the UP 
stroke when the current stroke status is set to the DOWN to 
UP stroke and the average angular acceleration ACC AVE2 
is negative, the CPU 10 sets the stroke status to the UP stroke 
(steps S406 and S413). The processing thereafter proceeds to 
step S420. 
When the current stroke status is set to the UP stroke and 

the average angular acceleration ACC AVE2 is not positive, 
since it is possible to determine that the UP stroke is being 
continued, the CPU 10 does not update the stroke status 
(“No” in step S407). Similarly, when the current stroke status 
is set to the DOWN stroke and the average angular accelera 
tion ACC AVE2 is not negative, since it is possible to deter 
mine that the DOWN stroke is being continued, the CPU 10 
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does not update the stroke status (“No” in step S409). When 
the stroke status is not updated, the processing proceeds to 
step S416. 

In other words, with the processing shown in this embodi 
ment, the stroke status is set in the order of “UP stroke-suP 
to DOWN Stroke a DOWN Stroke-s)OWN to UP 
stroke->UP stroke . . . according to the user's movement. 
The bowing movement upon playing the violin in this 
embodiment is thereby acquired. 

However, when the current stroke status is set to the UP to 
DOWN stroke but the average angular acceleration 
ACC AVE2 is not positive, the CPU 10 performs the setting 
of returning the stroke status to the UP stroke (steps S411 and 
S413). Similarly, when the current stroke status is set to the 
DOWN to UP stroke but the average angular acceleration 
ACC AVE2 is not negative, the CPU 10 performs the setting 
of returning the stroke status to the DOWN stroke (steps S406 
and S412). The processing thereafter proceeds to step S420. 

In step S414 to step S416, the reversion flag is set based on 
the elapsed time from the completion of the previous rever 
sion processing. In this embodiment, since the angular accel 
eration in the pitch direction is updated for each frame that is 
divided by 60 frames/second, the positive and negative of the 
average angular acceleration ACC AVE2 could frequently be 
switched due to the user's unintended hand movement. Thus, 
the CPU 10 determines whether three frames or more have 
elapsed from the completion of the previous reversion pro 
cessing in order to avoid erroneously determining the Switch 
ing of the positive and negative of the average angular accel 
eration ACC AVE2 which occurs due to the user's 
unintended minute hand movements to be a reversion opera 
tion (step S414). Note that the completion of the previous 
reversion processing can be, for example, the timing that the 
volume control flag is turned OFF in step S608 described 
later. When it is determined that three frames or more have 
elapsed from the completion of the previous reversion pro 
cessing, the CPU 10 turns ON the reversion flag (step S415). 
Meanwhile, when it is determined that three frames or more 
have not elapsed from the completion of the previous rever 
sion processing, the CPU 10 turns OFF the reversion flag 
(step S416). Moreover, the CPU 10 also turns OFF the rever 
sion flag in cases where the stroke status was not updated due 
to the determination result in step S407 or step S409 (step 
S416). The processing thereafter proceeds to step S417. 

In step S417 to step 1419, the stroke power, is set based on 
the average angular acceleration variation V AVE8. The 
CPU 10 sets the stroke power based on the average angular 
acceleration variation V AVE8 calculated in step S402. The 
average angular acceleration variation V AVE8 during the 
reversion operation shows the user's level of force during the 
reversion operation. Thus, the CPU 10 compares the average 
angular acceleration variation V AVE8 with a predetermined 
threshold (for example, 0.04) (step S417), and sets “strong 
as the stroke power when the average angular acceleration 
variation V AVE8 is exceeding a predetermined threshold. 
Meanwhile, the CPU 10 sets “weak” as the stroke power 
when the average angular acceleration variation V AVE8 is 
not exceeding a predetermined threshold. The processing 
shown in this flowchart is thereafter ended. 

In step S420 and step S421, the volume control flag is set 
according to the contents of the reversion flag. The CPU 10 
refers to the reversion flag that was set during the execution of 
the bowing update processing in the previous frame (step 
S420), and turns ON the volume control flag if the reversion 
flag is ON (step S421). Meanwhile, if the reversion flag is 
OFF, the volume control flag is not set (“No” in step S420). 
The processing shown in this flowchart is thereafter ended. 
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Note that, in this embodiment, the UP to DOWN stroke and 
the DOWN to UP stroke are set as transient stroke statuses to 
manage the change of the stroke status, but depending on the 
embodiment, necessary to use the UP to DOWN stroke and 
the DOWN to UP stroke. In the foregoing case, the stroke 
Status is set in the order of “UP Stroke-s)OWN stroke-slJP 
stroke...” according to the user's movement. When the UP 
to DOWN stroke and the DOWN to UP stroke are not set, the 
CPU 10 refers to the reversion flag for each frame or in the 
frame that is subsequent to the frame in which the stroke 
status was changed, and thereby sets the Volume control flag 
according to the contents of the reversion flag. 

Volume Update Processing 
FIG. 15 is a flowchart showing the flow of the volume 

update processing according to this embodiment. 
In step S501, the posture variation of the controller 5 in the 

local coordinate system is updated. The CPU 10 calculates 
the posture variation of the controller 5 in the local coordinate 
system based on the respective angular velocities of the yaw 
direction, the pitch direction, and the roll direction of the 
controller 5 which were updated in step S004 of the simula 
tion processing. This calculation is performed for each frame 
based on the latestangular Velocity that was updated for each 
frame. 

Specifically, the CPU 10 calculates the posture variation of 
the controller 5 per unit time by representing the travel dis 
tance of the Y-axis and the Z-axis of the controller coordinate 
system during one frame as the vector in the local coordinate 
system. However, in the Volume update processing according 
to this embodiment, the posture of the controller 5 is defined 
only with the Y-axis and the Z-axis of the controller coordi 
nate system, and the posture variation of the controller 5 is 
calculated only regarding the X component and the Z compo 
nent of the local coordinate system. This posture variation can 
be calculated based on the respective angular velocities of the 
yaw direction, the pitch direction, and the roll direction of the 
controller 5. 

In other words, in this embodiment, the CPU 10 calculates 
the posture variation dirY X of the X component in the local 
coordinate system and the posture variation dirY Z of the z 
component in the local coordinate system as the posture 
variation of the Y-axis of the controller coordinate system, 
and calculates the posture variation dirZ X of the X compo 
nent in the local coordinate system and the posture variation 
dirZ Z of the Z component in the local coordinate system as 
the posture variation of the Z-axis of the controller coordinate 
system. In other words, in this embodiment, the four values of 
posture variations dirY X, dirt Z, dirZ X and dirZ Z are cal 
culated as the posture variation. For example, the travel dis 
tance of the points (0, 1, 0) on the Y-axis and the points (0, 0, 
1) on the Z-axis of the controller coordinate system in the 
local coordinate system can be represented with the vectors 
(only the X component and Z component in this embodiment) 
on the local coordinate system, and this can be used as the 
posture variation. The processing thereafter proceeds to step 
S502. Note that, in this embodiment, as the posture variation, 
the posture variations diry X, dirY Z, dirZ X and dirz Z are 
calculated as the information for acquiring the Volume param 
eter, but in the other embodiments, it is also possible to adopt 
a method of associating the angular velocity and the Volume 
parameter in advance, and acquiring the Volume parameter 
based on the angular velocity itself acquired from the gyro 
SSOS. 

Note that, in this embodiment, the four values of the pos 
ture variations dirY X, dirZ Z, dirZ X and dirZ Z are calcu 
lated as the posture variation, but this is because, in the strokes 
of playing the violin, the movements reflected in the X com 
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ponent and Z component in the local coordinate system are 
primary (posture change of the Y-axis and Z-axis of the con 
troller 5), and the movements mainly reflected in they com 
ponent in the local coordinate system (posture change of the 
X-axis of the controller 5) are small (provided that this 
excludes string changing movements). Thus, the combination 
of components of the local coordinates and the axes of the 
controller 5 calculated as the posture variation is not limited 
to the four values shown in this embodiment. The posture 
variations are preferably adopted Suitably according to the 
simulation target, and the combination of all XyZ components 
of the local coordinate system and all XYZ axes of the con 
troller 5 (in other words, nine values) can also be calculated. 

In step S502, the average posture variation MM AVE16 of 
the “two values of maximum posture variation' is calculated 
as the posture variation used in acquiring the Volume param 
eter. The CPU 10 calculates the “two values of maximum 
posture variation” by integrating the two values in descending 
order of value among the posture variations dirY X, diry Z. 
dirZ X and dirz Zwhich were calculated in step S501. If the 
movement of the controller 5 satisfies predetermined condi 
tions during the bowing (for example, the movement of the 
controller 5 becomes a movement that is close to parallel to a 
certain axis), certain posture variations could become satu 
rated (posture variation cannot be obtained). According to 
this embodiment, by combining a plurality of posture varia 
tions according to different axes and components, even if 
certain posture variations become Saturated, it is possible to 
obtain an appropriate posture variation for acquiring the Vol 
ume parameter. 

Note that the “two values of maximum posture variation' 
calculated above are retained for at least 16 frames in the 
internal main memory 11e or the external main memory 12 by 
being associated with information that is capable of identify 
ing the calculated frame. The CPU 10 subsequently calculates 
the average posture variation MM AVE16 by averaging the 
“two values of maximum posture variation' that were calcu 
lated in the latest 16 frames including the frame that is cur 
rently being processed. Note that, in this embodiment, con 
sideration of the fact that variations will occur in the 
measurement values acquired from the gyro sensors 55, 56. 
the average value of the posture variations is calculated and 
referred to, but the posture variation to be referred for acquir 
ing the Volume parameter is not limited to the average value. 
Moreover, in this embodiment, although the higher two val 
ues are totaled, it will suffice if a plurality of posture varia 
tions according to different components are totaled in order to 
avoid the Saturation of posture variations according to a spe 
cific component, and this is not limited to two values. For 
example, all calculated posture variations may be totaled. The 
processing thereafter proceeds to step S503. 

In step S503, the volume parameter for deciding the Vol 
ume of Sound signals to be output from the game device 3 is 
set based on the posture variation. The CPU 10 acquires and 
sets the Volume parameter according to the average posture 
variation MM AVE16 that was calculated as the posture 
variation to be used in acquiring the Volume parameter in step 
S502. The average posture variation MM AVE16 is a value 
based on the posture variation of the controller 5, and is a 
value that is less influenced by the user's unintended move 
ment as a result of being averaged. Thus, according to this 
embodiment, a natural Volume parameter can be set accord 
ing to the users intent. The processing shown in this flow 
chart is thereafter ended. 

FIG. 16 is a diagram showing a map representing the rela 
tionship of the posture variation and the Volume parameter in 
this embodiment. In this embodiment, the volume parameter 
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according to the average posture variation MM AVE16 is 
acquired by referring to the map shown in FIG. 16. In this 
embodiment, the Volume parameter is a parameter showing 
the ratio relative to the volume when the value (maximum 
Volume, maximum amplitude value) upon outputting the data 
of the sound waveform without lowering the volume is set to 
1.0000. The tendency of inclination of change of the volume 
parameter relative to change of the posture variation in the 
map which prescribes the correspondence of the posture 
variation (average posture variation MM AVE16) and the 
Volume parameter differs for each range of the posture varia 
tion. According to the example shown in FIG. 16, when the 
posture variation is sufficiently small (less than 0.5 in the 
example shown in FIG. 16), the volume parameter is set to 
silent (0.0000) even if a stroke is detected. When the posture 
variation is sufficiently great (6.0 or more in the example 
shown in FIG. 16), the volume parameter is set to the maxi 
mum volume (1.0000). Moreover, when the posture variation 
is relatively small (0.5 or more and 2.0 or less in the example 
shown in FIG. 16), a volume parameter that is exponentially 
great will be set pursuant to the increase in the posture varia 
tion, but when the posture variation is a medium-level varia 
tion during the performance of the violin (2.0 or greater and 
less than 4.0 in the example shown in FIG.16), the increase of 
the Volume parameter will become gradual pursuant to the 
increase of the posture variation. When the posture variation 
is relatively great (4.0 or more andless than 4.0 in the example 
shown in FIG. 16), change of the Volume parameter pursuant 
to the increase of the posture variation will be a linear change 
with a small inclination. Thus, according to this embodiment, 
it is possible to provide a natural Volume change where the 
sound rises smoothly at the stage that the bowing speed is 
relatively slow, and the volume reaches its upper limit as the 
bowing speed becomes Sufficiently fast. 

Note that, in this embodiment, although a method of refer 
ring to the map and acquiring the Volume parameter accord 
ing to the average posture variation MM AVE16 was 
explained, in substitute for this kind of method, the CPU 10 
may also calculate the Volume parameter according to the 
average posture variation MM AVE16 by using the relational 
expression prescribing the correspondence of the posture 
variation and the Volume parameter. In the foregoing case, 
natural Volume change can be provided by using a relational 
expression in which the tendency of inclination of change of 
the Volume parameter relative to change of the posture varia 
tion differs for each range of the posture variation. 

Sound Signal Output Processing 
FIG. 17 is a flowchart showing the flow of the sound signal 

output processing according to this embodiment. 
In step S601, the status of the B button 32i is determined. 

The CPU 10 determines whether the B button 32i is of a 
pressed State by referring to the operational data that was 
updated in step S004 of the simulation processing. When it is 
determined that the B button 32i is being pressed, the pro 
cessing proceeds to step S602. Meanwhile, when it is deter 
mined that the B button 32i is not being pressed, the process 
ing proceeds to step S607. 

Here, the B button 32i is used as the button for designating 
the output of the Sound signals. As a result of outputting the 
sound signals only while the B button 32i is being pressed, it 
is possible to prevent the Sound signals from being output in 
cases where the user unintentionally moves the controller 5. 
Moreover, in the game device 3 according to this embodi 
ment, since the B button 32i is provided at a position where it 
will be pressed by the index finger of the right hand when the 
user grips the controller 5 with one's right hand, the user can 
adopt a posture that is similar to playing the violin. 
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In step S602, the status of the volume control flag is deter 

mined. The CPU 10 determines whether the reversion opera 
tion in the bowing is being performed by referring to the 
volume control flag. As described above, the volume control 
flag is a flag for yielding the effect of lowering the volume 
during the reversion operation, and the Volume control flag 
turned. ON in step S421 of the bowing update processing. 
When it is determined that the volume control flag is ON; that 
is, that the reversion operation in the bowing is being per 
formed, the processing proceeds to step S608. Meanwhile, 
when it is determined that the volume control flag is OFF: that 
is, that the reversion operation in the bowing is not being 
performed, the processing proceeds to step S603. 

In step S603 to step S606, the sound signals are output 
according to the settings that were set in the foregoing pitch 
update processing, bowing update processing, Volume update 
processing, and Sound signal output processing. The CPU 10 
updates the sound label to the sound label according to the 
stroke power (step S603). In other words, in step S606 
described later, the sound signals based on the sound label set 
in step S603 are generated and output. Moreover, the CPU 10 
sets the value of the volume parameter that was set in the 
Volume update processing as the output Volume (step S604), 
and sets the value of the pitch parameter that was set in the 
pitch update processing as the output pitch (step S605). Sub 
sequently, the sound signals generated by the DSP 11c based 
on the sound label set in step S603, the output volume set in 
step S604, and the output pitch set in step S605 are output 
(step S606), and Sound according to the Sound signals soutput 
from the speaker 2a. The processing shown in this flowchart 
is thereafter ended. 

In step S607, output of the sound signals is stopped. The 
CPU 10 stops the output of the sound signals from the game 
device 3 upon the determination that the B button 32i is not 
being pressed in step S601. Note that this stop of output 
involves a fadeout over six frames. The CPU 10 gradually 
lowers the Volume of the Sound signals over six frames, and 
stops the output of the Sound signals from the game device 3. 
The processing shown in this flowchart is thereafter ended. 

In step S608, the reversion processing associated with the 
user's reversion operation is executed, the CPU 10 stops the 
output of the Sound signals from the game device 3 upon the 
determination that the volume control flag is ON in step S602; 
that is, that the reversion operation in the bowing is being 
performed. As a result of the above, the volume can be 
changed pursuant to the user's reversion operation, and the 
user can experience a sensation as though actually playing the 
violin. Note that this stop of output involves a fadeout over 
three frames. The CPU 10 gradually lowers the volume of the 
Sound signals over three frames, and stops the output of the 
sound signals from the game device 3. Moreover, the CPU 10 
turns OFF the volume control flag as a result of the reversion 
processing pursuant to the user's reversion operation being 
executed. 

Note that the components of the posture variation used in 
the simulation processing according to this embodiment are 
Suitable for cases where a violin is the simulation target, and 
the components of the posture variation used in the simulation 
processing are not limited to those shown in this embodiment. 
The components of the posture variation used the simulation 
processing may be suitably decided according to the arrange 
ment of the sounding body that is adopted in the Sounding 
device of the simulation target or the direction of movement 
of frictioning (stroking) the Sounding body. The Sounding 
device to become the simulation target may also be other 
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Sounding devices and, for example, other bow-drawn Stringed 
instruments such as a cello may be used as the simulation 
target. 

Moreover, in this embodiment, an embodiment was 
explained where the gyro sensors built into the controller 5 
were used to measure the angular velocity and the like and 
thereby acquiring the posture variation of the controller, but 
the means for measuring the movement of a predetermined 
target upon working this invention is not limited to sensors 
provided to the controller. For example, as another embodi- 10 
ment, it is also possible to measure the users hand movement 
using a sensor of a camera or the like, and thereby obtain the 
posture variation of the users hand based on the measure 
ment results. 
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What is claimed is: 
1. A computer-readable non-transitory medium storing 

program instructions for musical performance that are 
executable by a computer of a musical performance apparatus 
which simulates a stringed instrument having a plurality of 20 
strings stretched in Substantially the same direction and out 
puts Sound based on movement of a predetermined target, the 
program instructions causing the computer to perform opera 
tions comprising: 

acquiring posture variation of the predetermined target in a 25 
predetermined interval based on measurement informa 
tion concerning a posture or movement of the predeter 
mined target; 

setting a Volume parameter for deciding a Volume accord 
ing to an acquired posture variation; and 

outputting a Sound signal of a Volume according to the 
volume parameter; 

retaining string designation information which designates 
a string that is currently a target to be sounded among the 
plurality of strings; and 

changing a string designation upon a determination, based 
on the measurement information, that angular accelera 
tion in a circumferential direction centered about a 
direction in which the plurality of strings are stretched 
has exceeded a predetermined threshold. 

2. The computer-readable non-transitory medium accord 
ing to claim 1, 

wherein the posture variation is acquired as a result of 
calculating a posture variation of the predetermined tar 
get in a predetermined interval relative to a coordinate 
system defined in a real space based on the measurement 
information. 

3. The computer-readable non-transitory medium accord 
ing to claim 2, 

wherein acquiring posture variation further includes 
acquiring a plurality of posture variations of the prede 
termined target relative to axes of the coordinate system 
defined in the real space, and 

the volume parameter is set based on the first two or more 
but not all of the acquired posture variations in descend 
ing order of value among a plurality of acquired posture 
variations. 

4. The computer-readable non-transitory medium accord 
ing to claim 3, 

wherein acquiring posture variation further includes 
acquiring four posture variations of two axes for defin 
ing the posture of the predetermined target relative to 
two axes in the coordinate system defined in the real 
space, for each combination of axes, and 

wherein the Volume parameter is set based on two posture 
variations in a descending order of value among the four 
posture variations. 
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5. The computer-readable non-transitory medium accord 

ing to claim 1, 
wherein acquiring posture variation includes determining, 

as a posture variation, an average value of posture varia 
tions acquired a plurality of times within a predeter 
mined period. 

6. The computer-readable non-transitory medium accord 
ing to claim 1, which causes the computer to perform further 
operations including: 

control of output Volume by stopping the output of the 
Sound signal for a predetermined time or lowering the 
output Volume of the Sound signal when it is determined, 
based on the measurement information, that a positive or 
negative value of angular acceleration in a predeter 
mined direction has inverted. 

7. The computer-readable non-transitory medium accord 
ing to claim 1, 

wherein the Volume parameter is set based on information 
prescribing a correspondence of the posture variation 
and the Volume parameter, and 

in the information prescribing the correspondence of the 
posture variation and the Volume parameter, tendency of 
inclination of change of the Volume parameter relative to 
change of the posture variation differs for each range of 
posture variation. 

8. The computer-readable non-transitory medium accord 
ing to claim 1, 

wherein the predetermined target is a controller with a 
built-in gyro sensor to be operated by a user, and 

the measurement information is angular Velocity or angu 
lar acceleration measured by the gyro sensor. 

9. A musical performance apparatus simulates a stringed 
instrument having a plurality of Strings stretched in Substan 
tially the same direction for outputting sound based on move 
ment of a predetermined target, comprising: 

posture variation acquirer that determines a posture varia 
tion of the predetermined targetina predetermined inter 
Val based on measurement information concerning the 
posture or movement of the predetermined target; 

Sound output Volume controller that sets a Volume param 
eter for deciding a Volume according to the posture 
variation; 

Sound signal output generator that outputs a Sound signal 
having a Volume according to the Volume parameter; 

string designation information retaining unit that retains 
string designation information which designates a string 
that is currently a target to be sounded among the plu 
rality of Strings; and 

string changer that changes the string designation upon a 
determination, based on the measurement information, 
that angular acceleration in a circumferential direction 
centered about a direction in which the plurality of 
strings are stretched has exceeded a predetermined 
threshold. 

10. A computer-readable non-transitory medium storing 
program instructions executable by a computer, the program 
instructions causing the computer to perform operations com 
prising: 

acquiring posture variation of a predetermined target in a 
predetermined interval based on measurement informa 
tion concerning a posture or movement of the predeter 
mined target; 

setting a parameter according to an acquired posture varia 
tion; and 

outputting a signal according to the parameter, 
wherein the posture variation is acquired as a result of 

calculating a posture variation of the predetermined tar 
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get in a predetermined interval relative to a coordinate 
System defined in a real space based on the measurement 
information, and 

wherein acquiring posture variation further includes 
acquiring a plurality of posture variations of the prede- 5 
termined target relative to axes of the coordinate system 
defined in the real space, and 

the parameter is set based on the first two or more but not all 
of the acquired posture variations in a descending order 
of value. 

11. The computer-readable non-transitory medium accord 
ing to claim 10. 

wherein acquiring posture variation further includes 
acquiring four posture variations of two axes for defin 
ing the posture of the predetermined target relative to 
two axes in the coordinate system defined in the real 
space, for each combination of axes, and 

wherein the parameter is set based on the first two posture 
Variations in a descending order of value among the four 
posture variations. 

12. The computer-readable non-transitory medium accord 
ing to claim 10, 

wherein acquiring posture variation includes determining, 
as a posture variation, an average value of posture varia 
tions acquired a plurality of times within a predeter 
mined period. 

13. The computer-readable non-transitory medium accord 
ing to claim 10, which causes the computer to perform further 
operations including: 

stopping the output of the signal for a predetermined time 
or lowering the output of the signal when it is deter 
mined, based on the measurement information, that a 
positive or negative value of angular acceleration in a 
predetermined direction has inverted. 

14. The computer-readable non-transitory medium accord 
ing to claim 10. 

wherein the parameter is set based on information prescrib 
ing a correspondence of the posture variation and the 
parameter, and 

in the information prescribing the correspondence of the 
posture variation and the parameter, tendency of incli 
nation of change of the parameter relative to change of 
the posture variation differs for each range of posture 
variation. 

15. An apparatus, comprising: 
posture variation acquirer that determines a posture varia 

tion of a predetermined target in a predetermined inter 
Val based on measurement information concerning a 
posture or movement of the predetermined target; 

parameter controller that sets a parameter valve for decid 
ing an output according to the posture variation; and 

signal generator that outputs a signal according to the 
parameter, 

wherein the posture variation is acquired as a result of 
calculating a posture variation of the predetermined tar 
get in a predetermined interval relative to a coordinate 
System defined in a real space based on the measurement 
information, and 

wherein the posture variation acquirer acquires a plurality 
of posture variations of the predetermined target relative 60 
to axes of the coordinate system defined in the real 
space, and 
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the parameteris set based on the first two or more but not all 

of the acquired posture variations in a descending order 
of value. 

16. A computer-readable non-transitory medium storing 
program instructions executable by a computer, the program 
instructions causing the computer to perform operations com 
prising: 

acquiring posture variation of a predetermined target in a 
predetermined interval based on measurement informa 
tion concerning a posture or movement of the predeter 
mined target; 

setting a parameter for deciding an output according to an 
acquired posture variation; 

outputting a signal according to the parameter; and 
stopping the output of the signal for a predetermined time 

or lowering the output of the signal when it is deter 
mined, based on the measurement information, that a 
positive or negative value of angular acceleration in a 
predetermined direction has inverted. 

17. The computer-readable non-transitory medium accord 
ing to claim 16, 

wherein acquiring posture variation further includes 
acquiring four posture variations of two axes for defin 
ing the posture of the predetermined target in a prede 
termined interval relative to two axes in the coordinate 
System defined in the real space, for each combination of 
axes, and 

wherein the parameter is set based on the first two posture 
Variations in a descending order of value among the four 
posture variations. 

18. The computer-readable non-transitory medium accord 
ing to claim 16, 

wherein acquiring posture variation includes determining, 
as a posture variation, an average value of posture varia 
tions acquired a plurality of times within a predeter 
mined period. 

19. The computer-readable non-transitory medium accord 
ing to claim 16, 

wherein the parameter is set based on information prescrib 
ing a correspondence of the posture variation and the 
acquired parameter, and 

in the information prescribing the correspondence of the 
posture variation and the parameter, tendency of incli 
nation of change of the parameter relative to change of 
the posture variation differs for each range of posture 
variation. 

20. An apparatus, comprising: 
posture variation acquirer that determines a posture varia 

tion of a predetermined target in a predetermined inter 
Val based on measurement information concerning a 
posture or movement of the predetermined target; 

parameter controller that sets a parameter for deciding an 
output according to the posture variation; 

signal generator that outputs a signal according to the 
parameter, and 

output signal controller that stops the output of the signal 
by the signal generator for a predetermined time or low 
ers the output of the signal by the signal generator when 
it is determined, based on the measurement information, 
that a positive or negative value of angular acceleration 
in a predetermined direction has inverted. 
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